The tannery effluent and composite municipal sewage water drained to the East Kolkata wetland (EKW), a Ramsar Site (1208), is used for agriculture and pisciculture after natural stabilization. Such composite wastewater is characterized by exceedingly high total dissolved solids, total hardness, chloride and heavy metals concentrations. These water born pollutants generate reactive oxygen species which are potentially toxic to the biological system. These reactive oxygen species are normally detoxified by some enzymes, such as superoxide dismutase (SOD) and catalase (CAT). The present study was commenced to find out the SOD and CAT activities against the oxidative stress, if any, in four macrophytes namely, Eichhornia crassipes, Pistia stratiotes, Alternanthera sessilis and Sagittarria montevidensis of contaminated ponds (Site 1 and Site 2) of EKW and an uncontaminated site (Control site). During the course of sampling the physico-chemical factors were found significantly higher in the EKW ponds compared to the control site. In the EKW sites, higher rate of evaporation during summer months caused higher elemental concentration in the premonsoon than in other seasons. This led to high activity of both SOD and CAT enzymes. In contrast, heavy rain fall in monsoon lowers the elemental concentration -mainly due to dilution effect. Present experiment indicated that in a stressed ecosystem like EKW, the wetland plants overcome the stress by altering their stress enzyme activities, hence suggesting an evidence of adaptive mechanism to thrive in a stressful environment.
Introduction
The pollutant generated from different anthropogenic activities interferes with the physiological functions of the exposed biota. These pollutants produce reactive oxygen species such as superoxide radical (O 2 -), hydroxyl radical (·OH), hydrogen peroxide (H 2 O 2 ) and alkoxyl radical (RO·) within the living system (Gallego et al. 1996; Weckx and Clijsters 1997; Loggini et al. 1999; Panda and Patra 2000; Bakardjieva et al. 2000; Hernandez et al. 2000) . These reactive oxygen species pose a great threat to the living organisms, owing to their toxicity. Therefore, the living organisms, which thrive in polluted areas, adopt the antioxidative defense system to protect themselves from the effect of reactive oxygen species. Effects of different hazardous contaminants, which produce reactive oxygen species, and their bioaccumulation and biomagnifications in different organisms of wetland ecosystem, are amply studied. It is well known that waste elements including the heavy metals are one of the major pollutants in water bodies. These heavy metals are entered into the food chain, resulting in further contamination of biota (Rzymski et al. 2013 ). However, little work has been done on the response of antioxidant enzyme activities in wetland plants, in presence of significantly high amount of waste elements and heavy metals. The generation of active oxygen and the consequent change in the level of antioxidant enzyme activity in Hydrilla verticillata under Cd, Cu and Zn stress were investiOxidative response of wetland macrophytes in response to contaminants of abiotic components of East Kolkata wetland ecosystem gated and the results showed that these three metals accelerated the generation rate of enzyme to a certain extent (Xu et al. 2006 ). Phytochelatins and antioxidant systems response to arsenic stress in Hydrilla verticillata were examined and showed predominant stimulation of antioxidant enzyme activity (Srivastava et al. 2007 ). The effect of increased ammonia content on sub-acute biochemical responses were assessed in the rooted submerged aquatic macrophyte Myriophyllum mattogrossense and the results showed that ammonia was able to generate oxidative stress, expressed through an enhancement of catalase, guaiacol peroxidase, glutathione peroxidase and glutathione S-transferase activities (Nimptsch and Pflugmacher 2007) . The biochemical contents and enzyme activities of water lettuce showed a great variation with respect to the increase in chromium concentrations (Ganesh et al. 2007 ). Cavas and Yurdakoc (2005) assessed the antioxidant system in the invasive green alga Caulerpa racemosa and some macrophytes from the Mediterranean. Lizieri et al. (2012) studied the morpho-physiological responses of free-floating aquatic macrophytes to a supra-optimal supply of manganese. Rout and Shaw (2000a , 2000b ) studied the solt tlarence of aquatic macrophytes and the possible involvement of the antioxidant enzymes on them. Dazy et al. (2009) 
Study site description
EKW comprises a total area of 12,741 ha out of which the water spread area is 4728 ha, degraded water spread area is 1124 ha, agricultural land is 4959 ha, garbage farming area is 602 ha and urban and rural settlement cover 1326 ha approximately (Pal et al. 2013) . The water, soil and plant samples were collected from three distinct study sites. The first sampling station, Site 1 (22°32'27.7" N, 88°24'18.3" E; area 0.16 hector and mean depth 1 meter) was a tannery effluentfed fish pond. Site 2 (22°32'3.71" N, 88°28'57.51" E; area 0.13 ha and mean depth 1.5 meter) was a composite wastewater-fed (municipal and industrial wastewater) fish pond of EKW. The uncontaminated water body (Fulpukur; 22°53'30" N, 88°23'50" E; area 0.11 ha and mean depth 1.5 meter) was selected as a control site, located in Chinsurah, Hooghly district, West Bengal, India.
Material and Methods

Sample Collection
Sampling was done fortnightly during MarchMay (Pre-monsoon/PreM), July-September (Monsoon/Mon) and November-January (Post-monsoon/ PostM) and the mean month-wise data was presented. Water samples were collected in clean stopper plastic bottles (1 dm 3 ) by immersing them completely into the water. For heavy metal analysis, water samples were preserved separately in a 500 cm 3 bottle and acidified with nitric acid (pH less than 2.0). The preselected four wetland plants, namely, Eichhornia crassipes, Pistia stratiotes, Alternanthera sessilis and Sagittarria montevidensis were collected from above mentioned sites and their leaves were preserved in an ice box and were quickly transported (within half-an-hour after collection) to the laboratory for enzyme analysis. In laboratory, the samples were stored in 20ºC refrigeration and for elemental analysis the plants samples were cut into small pieces and dried in a hot-air oven at 70ºC for 12 hours.
Sample analysis
Physico-chemical factors and elemental analysis of water samples: All gravimetric analysis, reagents and standard preparations were made using Mettler AE 240 monopan electronic balance. The physicochemical factors like pH, Conductivity (COND), Total Dissolve Solids (TDS), Salinity (SAL) were measured by Eutech 5-in-1 Multiparameter PCS Tester 35. Acidity (ACID), alkalinity (ALK), Total Hardness (THARD) and Carbonate Hardness (CHARD) were measured by Aquamark (Germany) water testing kits and all the chemicals used in this experiment were from Merck, Germany.
Concentration of all the elements like Chromium (Cr), Manganese (Mn), Iron (Fe), Copper (Cu), Zinc (Zn) and Lead (Pb) estimation were measured by Atomic Absorption Spectrophotometer (PerkinElmer AAnalyst-100) and Chloride (Cl), Nitrate (NO 3 ) and Phosphate (PO 4 ) were analyzed by Metrohm 761 Ion exchange chromatograph. The samples were prepared and analyzed following the protocols laid by Eaton et al. (1995) and Jackson (2000) .
Enzyme Assay
Plant samples were cut into small pieces. 0.5g plant samples were grounded with liquid nitrogen and then 4ml phosphate buffer (0.1M with pH 6.8) containing 10% Ploy Vinyl Pyrrolidone was mixed with it. The samples were then taken in the Ependrops and were centrifuged at 15000 rpm in cold centrifuge (Remi) for 30 minutes. In order to determine the SOD activity in plant tissue, enzyme assay was performed following the method proposed by Paoletti et al. (1986) . To make the Tea-Dea buffer for the process 100mM (14.9g) Tri-Ethanol Amine (Tea) and 100mM (10.5g) Di Ethanol Amine (Dea) and 13.8 cm 3 of 37% hydrochloric acid were mixed and the volume was made up to 1liter with water. The pH of the buffer was maintained 7.4. Also to make 10mM β Marcaptoethanol, 14.2 M 0.05 cm 3 of concentrated Thiol was diluted with water up to 71 cm 3 . For the SOD assay 0.8 cm 3 Tea Dea buffer was mixed with 0.4 cm 3 NADH (7.5mM), 0.025 cm 3 EDTA-MnCl 2 (EDTA/MnCl 2 -100mM/ 50mM), 0.1 cm 3 plant extract and 0.1 cm 3 β Marcaptoethanol (10mM). To know the SOD concentration the mixture was measured at 650 nm by UVVisual spectrophotometer (Perkin Elmer Lamda 25) against a blank (phosphate buffer instead of sample). The assay of CAT was done by the method proposed by Aebi (1984) . 2 cm 3 plant extract was mixed with 1 cm 3 H 2 O 2 (30mM) and the absorbance was measured at 240 nm using the UV-Visual spectrophotometer (Perkin Elmer Lamda 25) against a blank containing 1ml phosphate buffer instead of H 2 O 2 and plant sample. The protein content of the plant extract was estimated by following the method proposed by Lowry et al. 1951 .
Statistical Analysis
Analysis of variance (ANOVA) was performed on the data of the enzyme activities in macrophyte tissues to test for the significant differences between site-wise (uncontaminated and contaminated) as well as for season-wise variability. Statistical analyses were performed using Statistica for Windows (version 5.1 A). Graphical representations from the obtained data were prepared using Origin version 6.1 software.
Results
In order to establish the nature and extent of physico-chemical stress on the macrophytes seventeen parameters of water were compared among two contaminated and one uncontaminated pond. The spatial and temporal changes of the physicochemical parameters of pond water are illustrated in Table 1 . The tannery wastewater that was used in Site-1 contains various chemicals. These chemicals were used at the time of tannery operations. The composite municipal wastewater used in Site 2, also contains different chemicals from industry, detergent from households and pesticides from agricultural runoff. Thus the trend Site 1 > Site 2 > control, was found for all physico-chemical parameters except for the pH. pH was slightly lower in Site 1 than Site 2 and control. Due to high temperature and evaporation the conductivity, TDS and SAL were high in pre-monsoon in all the three sites and due to heavy rainfall in monsoon the water got diluted so all those components were lowered down. The same pattern was also seen in ALK, THARD, CHARD, Cl, NO 3 and PO 4 and in all heavy metals (Cr, Mn, Fe, Cu, Zn Pb) concentrations (Table 1 ). The one way ANOVA was executed based on the physico-chemical parameters to reveal the differences between control site and two contaminated sites. The COND, TDS, SAL, THARD, CHARD, Mn, Zn were higher in Site 1 pond of EKW than the control pond (Table 1) .
In contrast to control site, the activity of SOD and CAT in macrophytes were significantly (at P < 0.05) high in Site 1 and Site 2 (Fig. 1) . Among the four macrophytes, the Sagittarria montevidensis (Fig. 1g) showed the highest activity of stress enzyme in the contaminated sites at premonsoon seasons. Likewise the Alternanthera sessilis (Fig. 1e) showed the highest activity in uncontaminated site at the same season. In the premonsoon the SOD activity was highest in Sagittarria montevidensis among the four macrophytes of both contaminated sites (Fig. 1g) and in Alternanthera sessilis of control site (Fig. 1e) . On the contrary, the SOD activity in Eichhornia crassipes was found to be highest in all sites at monsoon and postmonsoon seasons (Fig. 1a) . In case of CAT activity, Eichhornia crassipes showed the highest value in Site 1 and Control site at premonsoon and monsoon (Fig. 1a) . At the same time CAT activity was highest in Alternanthera sessilis at Site 2 (Fig. 1f) . The CAT activity was high in Pistia stratiotes of Site 1 (Fig. 1d) and Alternanthera sessilis of Site 2 and control site in post monsoon (Fig. 1f) . In temporal scale the species wise SOD activity was highest in premonsoon followed by monsoon and postmonsoon. The same trend was shown in the case of CAT activity, few exception was caused due to some spatial interference like -in case of Pistia stratiotes of Site 1 in postmonsoon, in Alternanthera sessilis of site 2 in monsoon, in Sagittarria montevidensis of Site 2 and Control site in postmonsoon (Fig. 1d,f and h ). Except SOD activity in Pistia stratiotes of site 1 and site 2, in all the three sites the stress enzyme activity showed significant seasonal variation (at P < 0.01) in all of the four selected macrophytes (Table 2) . Analyzing the results it was revealed that in all four macrophytes of the three sites, the activities of SOD and CAT were significantly (at P < 0.01) different (Table 2) .
Discussion
The physical and chemical factors of a water body if exceeds the threshold level causes some stress to its biome. The imbalance between production and elimination of the active oxygen is often caused by many chemicals (XU Qin-Song et al. 2006) . The antioxidant enzyme such as SOD and CAT protect the tissues against the reactive oxygen species. The water quality of the ponds (here Site 1 and Site 2) of EKW get degraded due to the waste feeding from tannery industry and composite municipal discharge. Whereas in the control site no such input of waste products occur. So, the factors such as COND, TDS, SAL, THARD are significantly high in both sites of EKW compared to the control site. In addition the higher concentration of heavy metals in the contaminated sites stimulates the oxidative stress in the wetland macrophytes (Table 1) .
The SOD and CAT provide the first defense line against oxygen toxicity in individuals. Generally in an oxidative stress condition the SOD catalyzes dismutation of superoxide radical which in turn forms water and hydrogen peroxide. After that hydrogen peroxide being the substrate, it gets detoxified by CAT. The present study indicates that higher activity of SOD and CAT in macrophytes collected from contaminated sites of EKW is higher than the control site. (Figure 1: a-h ). This clearly indicates that the enhanced production of superoxide radicals create an oxidative stress to the macrophytes. Compared to the monsoon and postmonsoon the concentration of heavy metals and other limnological parameters are high in premonsoon due to the high evaporation rate. In monsoon, due to heavy rainfall and runoff water, the tannery waste water and composite municipal sewage water get diluted and as a result the concentration of all the heavy metals and other chemical factors are reduced considerably. This trend is also observed in the case of the control site. Owing to the dilution of pond water in monsoon the stress is reduced significantly, which reflects to the reduction of SOD and CAT activity in the four selected macrophytes. Only in the case of CAT activity in monsoon of A. sessilis and S. montevidensis is comparatively high in Site 2. This may be due to the higher concentration of Mn, Fe, Cu in Site 2 in monsoon.
The SOD and CAT activities in four different plants, thriving in EKW and control site get varied according to the environment factors. That means they have their innate capability to protect their physiological system against the adverse effects of reactive oxygen species. From the present study it is observed that in response of contaminants the SOD activity is the highest in E. crassipes followed by A. sessilis, S. montevidensis and P. stratiotes in all sites. Whereas the gradient for the CAT in Site 1 is P. stratiotes > E. crassipes > A. sessilis > S. montevidensis, for Site 2 it is A. sessili s> E. crassipes > P. stratiotes > S. montevidensis and for control site it is E. crassipes > A. sessilis > S. montevidensis > P. stratiotes. So, the responses of macrophytes against the contaminants are different and it is due to the morphological and physiological differences among the selected macrophytes and as a result the amounts of generation of reactive oxygen species are varied. On the other hand, from this comparative study it is possible to correlate the levels of pollution and induction of antioxidant enzymes. Finally, it is suggested from the study that the SOD and CAT activities in plants can be considered as a sensitive biomarker for monitoring the wetland environment. 
